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PURPOSE: To enable a detection accuracy and a responsiveness to 
be improved simultaneously in a method for detecting an air/fuel 
ratio using an air/fuel ratio sensor which is equipped with an oxygen 
pump element and an oxygen light an darkness battery element. 
CONSTITUTION: An air/fuel ratio sensor which is provided with an 
oxygen pump element which supplies oxygen to a measurement gas 
chamber and unloads oxygen from it and an oxygen light and 
darkness battery element which generates a voltage corresponding 
to oxygen concentration of the measurement gas chamber is used 
and a rectangular current with two types of alternate currents, 
namely a current of 200^A in positive direction for unloading oxygen 
from the measurement gas chamber and a current which has a 
larger absolute value than it which is 300^A in negative direction for 
supplying oxygen to the measurement gas chamber, is supplied to 
the above oxygen pump element. A duty ratio of the rectangular 
current is adjusted so that a generation voltage of an oxygen light 
and darkness battery element reaches a specified value and the 
air/fuel ratio is detected based on the duty ratio after adjustment. 
A veneration voltage of the oxygen light and darkness battery 
becomes a waveform which is symmetrical left and right and 
response can be improved by increasing frequency of the 
rectangular current. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The oxygen-pumping component which carries out the feeding and discarding of the oxygen of a 
measurement gas ambient atmosphere, a measurement gas chamber open for free passage, and the amount 
corresponding to quantity of electricity to energize to this measurement gas chamber through the gaseous diffusion 
limit section, In the air- fuel ratio detection approach of detecting an air- fuel ratio using the air- fuel ratio sensor 
equipped with the oxygen-concentration-cell component which generates the electrical potential difference 
corresponding to a ratio with the oxygen density used as the oxygen density of this measurement gas chamber, and 
criteria The current value of the negative direction which has the current value of the forward direction which 
discharges oxygen from the above-mentioned measurement gas chamber, and a bigger absolute value than this current 
value, and supplies oxygen to the above-mentioned measurement gas chamber, The air-fuel ratio detection approach 
characterized by energizing the rectangle current in which two kinds of current values carry out alternation for the 
above-mentioned oxygen-pumping component, adjusting the duty ratio of this rectangle current so that the generated 
voltage of the above-mentioned oxygen-concentration-cell component may serve as a predetermined value, and 
detecting an air-fuel ratio based on the duty ratio after accommodation of the above-mentioned rectangle current. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** S } 10WS the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the air- fuel ratio detection approach of detecting an air-fuel ratio using 
the oxygen sensor which generates the signal corresponding to the oxygen density under exhaust air, in various burning 
appliances, such as an internal combustion engine. 
[0002] 

[Description of the Prior Art] The approach using the air- fuel ratio sensor equipped with the oxygen-concentration-cell 
component which generates the electrical potential difference corresponding to the ratio of the oxygen-pumping 
component which carries out the feeding and discarding of the oxygen of the amount corresponding to quantity of 
electricity to energize to a measurement gas chamber as an approach of detecting an internal combustion engine's etc. 
air- fuel ratio conventionally, and the oxygen density (for example, oxygen density in atmospheric air) used as the 
oxygen density of a measurement gas chamber and criteria is learned. This approach adjusts the energization current to 
an oxygen-pumping component so that the generated voltage of an oxygen-concentration-cell component may serve as 
a predetermined value, and it detects an air- fuel ratio based on the current value after accommodation. 
[0003] For example, while the engine is driving by theoretical air fuel ratio, there are some which generate the 
electrical potential difference of a predetermined value in the oxygen-concentration-cell component using the solid 
electrolyte which made the subject the zirconia installed in the exhaust pipe of a gasoline engine. By the air- fuel ratio 
sensor equipped with this kind of oxygen-concentration-cell component, the energization current to an oxygen- 
pumping component can be adjusted so that the generated voltage of an oxygen-concentration-cell component may 
serve as that predetermined value, and rich or the degree which is Lean can be known for whether whether it is the 
negative direction where the energization current at this time supplies oxygen to a measurement gas chamber or it being 
the forward direction which discharges oxygen from a measurement gas chamber, and an air- fuel ratio are rich, or you 
are Lean with the magnitude of that energization current. 
[0004] 

[Problem(s) to be Solved by the Invention] However, when an air- fuel ratio was detected based on the current value of 
the current energized for an oxygen-pumping component in this way, the air- fuel ratio needed to be computed by 
having performed complicated conversion to the value acquired as a current value, and while the configuration of 
equipment became complicated, the limitation was in improvement in detection precision. 

[0005] Then, the energization current to an oxygen-pumping component is made into the rectangle current in which 
two kinds of current values of the negative direction and the forward direction set up beforehand carry out alternation, 
the duty ratio of the rectangle current is adjusted so that the generated voltage of an oxygen-concentration-cell 
component may serve as a predetermined value, and how to detect an air-fuel ratio based on the duty ratio can be 
considered. In this case, software can perform processing which computes an air-fuel ratio from the duty ratio of a 
rectangle current using an one-chip microcomputer, and detection precision can be raised while simplifying the 
configuration of detection equipment. 

[0006] Drawing 4 installs an air-fuel ratio sensor in the exhaust pipe of the gasoline engine currently driven by 
theoretical air fuel ratio, and expresses the wave of a rectangle current when the current value of +200microA and - 
200microA energizes the rectangle current which carries out alternation with the frequency of 1Hz, and a duty ratio 0.5 
for an oxygen-pumping component, and the generated voltage of an oxygen-concentration-cell component, 
respectively. In addition, in drawing, the current value of a rectangle current is drawing the forward direction as -h 
Moreover, an oxygen-concentration-cell component generates the electrical potential difference of 450mV to the 
oxygen density in the exhaust pipe, while the gasoline engine is driving by theoretical air fuel ratio. 
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[0007] If a rectangle current is set to -200microA and oxygen is supplied to a measurement gas chamber, as shown in 
drawing, since the oxygen density of the measurement gas interior of a room will go up and a difference with a criteria 
oxygen density will decrease, the generated voltage of an oxygen-concentration-cell component falls. Then, if a 
rectangle current is set to +200microA and oxygen is discharged from a measurement gas chamber, since the oxygen 
density of the measurement gas interior of a room will fall and a difference with a criteria oxygen density will be 
expanded, the generated voltage of an oxygen-concentration-cell component goes up. And a rectangle current is again 
set to -200microA, the behavior that the generated voltage of an oxygen-concentration-cell component falls is repeated 
periodically, and the generated voltage of an oxygen-concentration-cell component generates electromotive force [ / 
near the theoretical air fuel ratio ], and comes to vibrate by width of face of hundreds of mV. 

[0008] However, the direction when going up rather than the time of the generating change of potential of an oxygen- 
concentration-cell component descending for the reason explained below in this case becomes steep. That is, molecular 
weight is small and unburnt gases, such as a hydrocarbon, hydrogen, and CO, tend to trespass upon the measurement 
gas interior of a room through the gaseous diffusion limit section. For this reason, since a part is consumed by 
oxidation reaction with these unburnt gases, as for the oxygen supplied to the measurement gas interior of a room by 
the current of the negative direction, descent of the generated voltage by the oxygen concentration cell becomes slow. 
[0009] Since a detection result is not obtained for every round term of a rectangle current on the other hand when 
detecting an air-fuel ratio based on a duty ratio, in order to raise the responsibility of detection, it is necessary to make a 
frequency high. However, when the voltage waveform of an oxygen-concentration-cell component was unsymmetrical 
in this way, and the frequency was made high beyond a predetermined value, the generated voltage of an oxygen- 
concentration-cell component might shift in the direction where an electrical potential difference is high greatly. 
[0010] If the point which set the frequency of a rectangle current to 40Hz at drawing 5 is removed, the wave of the 
rectangle current altogether measured on the same conditions as drawing 4 and the generated voltage of an oxygen- 
concentration-cell component are illustrated. In this case, the generated voltage of an oxygen-concentration-cell 
component vibrates about 600mV gradually. If this has the not much high frequency of a rectangle current, the amount 
only of oxygen discharged by the current of the forward direction from a measurement gas chamber cannot be supplied 
according to the negative direction current, and it thinks because the oxygen density of the measurement gas interior of 
a room becomes low rather than the oxygen density in an exhaust pipe, and a detection result as if the air- fuel ratio of a 
gasoline engine was rich as a result is obtained. For this reason, it was difficult to raise the responsibility of detection 
by the approach of detecting an air- fuel ratio based on the duty ratio of the energization current of an oxygen-pumping 
component. 

[001 1] Then, this invention was made in the approach of detecting an air- fuel ratio using the air- fuel ratio sensor 
equipped with the oxygen-pumping component and the oxygen-concentration-cell component, for the purpose of 
raising both detection precision and responsibility. 
[0012] 

[Means for Solving the Problem] The measurement gas chamber which this invention made since the above-mentioned 
purpose was attained opens for free passage with a measurement gas ambient atmosphere through the gaseous diffusion 
limit section, The oxygen-pumping component which carries out the feeding and discarding of the oxygen of the 
amount corresponding to quantity of electricity to energize to this measurement gas chamber, In the air- fuel ratio 
detection approach of detecting an air- fuel ratio using the air- fuel ratio sensor equipped with the oxygen-concentration- 
cell component which generates the electrical potential difference corresponding to a ratio with the oxygen density used 
as the oxygen density of this measurement gas chamber, and criteria The current value of the negative direction which 
has the current value of the forward direction which discharges oxygen from the above-mentioned measurement gas 
chamber, and a bigger absolute value than this current value, and supplies oxygen to the above-mentioned measurement 
gas chamber, The rectangle current in which two kinds of current values carry out alternation is energized for the 
above-mentioned oxygen-pumping component. The duty ratio of this rectangle current is adjusted so that the generated 
voltage of the above-mentioned oxygen-concentration-cell component may serve as a predetermined value, and the air- 
fuel ratio detection approach characterized by detecting an air-fUel ratio based on the duty ratio after accommodation of 
the above-mentioned rectangle current is made into the summary. 
[0013] 

[Function] Thus, by the air- fuel ratio detection approach of constituted this invention, the duty ratio of the rectangle 
current supplied to an oxygen-pumping component was adjusted so that the generated voltage of an oxygen- 
concentration-cell component might serve as a predetermined value, and the air- fuel ratio is detected based on the duty 
ratio. Since software can perform processing which computes an air- fuel ratio using an one-chip microcomputer from 
the duty ratio of a rectangle current, detection precision can be raised while simplifying the configuration of detection 
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equipment. 

[0014] moreover, a change rate with the time of the generated voltage of an oxygen-concentration-cell component 
falling with the time of going up, since the current value of the negative direction which constitutes a rectangle current 
is larger than the current value of the forward direction in an absolute value - abbreviation - the same - it can carry 
out. For this reason, when the frequency of a rectangle current is made high, it can prevent that the generated voltage of 
an oxygen-concentration-cell component becomes high. 
[0015] 

[Example] The example of this invention is explained with a drawing below. Drawin g 1 is an outline block diagram 
showing the air-fuel ratio detection equipment of an example with which this invention is applied. The air- fuel ratio 
sensor 1 is first equipped with the spacer 9 which a laminating is carried out and forms the measurement gas chamber 7 
between the oxygen-pumping component 3 which formed porous electrodes 3b and 3c in the both sides of solid 
electrolyte substrate 3a, the oxygen-concentration-cell components 5 which similarly formed porous electrodes 5b and 
5c in the both sides of solid electrolyte substrate 5a, and both these components 3 and 5. And this air-fuel ratio sensor 1 
is attached in the exhaust air system of the internal combustion engine which does not illustrate. 
[0016] Here, the solid electrolyte substrates 3a and 5a are formed from the yttria-zirconia solid solution, and porous 
electrodes 3b, 3c, 5b, and 5c are formed from the yttria-zirconia solid solution and remainder platinum as ******. i n 
addition, as an ingredient of the above-mentioned solid electrolyte substrates 3a and 5a, the calcia-zirconia solid 
solution other than the yttria-zirconia solid solution is known, and each solid solution of a cerium dioxide, a thorium 
dioxide, and a diacid-ized hafnium, the perovskite mold solid solution, the trivalent metal oxide solid solution, etc. can 
be used further. 

[0017] Moreover, porous electrode 5c of the outside of the oxygen-concentration-cell component 5 is covered, and the 
screen 1 1 which consists of a solid electrolyte is stuck. On the other hand as a material of a spacer 9, an alumina, a 
spinel, forsterite, a steatite, a zirconia, etc. are used. Moreover, inside the measurement gas chamber 7, the above- 
mentioned porous electrodes 3c and 5b are exposed, and the gaseous diffusion hole 13 which makes the measurement 
gas chamber 7 and the measurement gas ambient atmosphere in an exhaust pipe open for free passage is further formed 
at the tip of a spacer 9. The filler 15 of the porosity which consists of an alumina is put in this gaseous diffusion hole 
13, and the gaseous diffusion limit section 17 which carries out rate-limiting [ of the inflow in the measurement gas 
chamber 7 of measurement gas etc. ] by it is formed. 

[0018] Next, while DC power supply 21 are connected through the contact Rl of relay 19 among the porous electrodes 
3b and 3c of the oxygen-pumping component 3, DC power supply 23 are connected to it and juxtaposition through the 
contact R2 of relay 19. In addition, a contact Rl is the so-called b contact which will be opened if it has usually closed 
and the solenoid coil L of relay 19 is excited, and, on the other hand, is the so-called a-contact which will be closed if 
the contact R2 is usually opened and a solenoid coil L is excited. Moreover, the signal from the electronic control 
circuit ECU equipped with the drive circuit etc. is inputted into a solenoid coil L, and relay 19 drives by this. 
[0019] In addition, DC power supply 23 supply the current of 200microA toward porous electrode 3b to porous 
electrode 3c, and DC power supply 21 supply the current of 300microA toward porous electrode 3b from porous 
electrode 3c. On the other hand among porous electrodes 5b and 5c, DC power supply 25 which always supply the 
current of 27.5microA toward porous electrode 5b from porous electrode 5c are connected, and the electrical potential 
difference further generated between porous electrode 5b and 5c is inputted into the electronic control circuit ECU. 
[0020] Next, actuation of the air- fuel ratio detection equipment constituted in this way is explained. If DC power 
supply 25 always supply the current of 27.5microA toward porous electrode 5b from porous electrode 5c first, after the 
oxygen gas in the measurement gas chamber 7 ionizes on a porous electrode 5b front face, it will move to a porous 
electrode 5c front face through solid electrolyte substrate 5a, and will become oxygen gas again there. Since porous 
electrode 5c is covered with a screen 1 1 and has predetermined exsorption resistance, a porous electrode 5c front face is 
held at the oxygen density used as criteria, for example, comparable [ atmospheric air and comparable ], and the 
oxygen density beyond it. In addition, since it is detailed to JP,6 1-296262, A, the approach of obtaining the oxygen 
density which energizes the stationary current for an oxygen-concentration-cell component, and serves as criteria is not 
explained in full detail here. 

[0021] Next, an electronic control circuit ECU energizes a rectangular pulse-like current to a solenoid coil L on the set- 
up frequency. If a pulse-like current energizes to a solenoid coil L, a contact R2 will close and the current of 
200microA will be supplied by DC power supply 23 toward porous electrode 3c from porous electrode 3b. Then, after 
ionizing the oxygen gas in the measurement gas chamber 7 on a porous electrode 3c front face, it moves to a porous 
electrode 3b front face through solid electrolyte substrate 3a, and it is again discharged by the measurement gas 
ambient atmosphere as oxygen gas. 
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[0022] If the current of the shape of a pulse which was being energized to the solenoid coil L on the other hand falls, a 
contact Rl will close and the current of 300microA will be supplied by DC power supply 21 toward porous electrode 
3b from porous electrode 3c. Then, after ionizing the oxygen gas of a measurement gas ambient atmosphere on a 
porous electrode 3b front face, it is supplied into the measurement gas chamber 7 through solid electrolyte substrate 3a. 
That is, the oxygen-pumping component 3 energizes the rectangle current which carries out alternation with the duty 
ratio as the rectangular pulse energized to a solenoid coil L with two kinds of same current values of 200mic.ro A of the 
forward direction, and 300microA of the negative direction. 

[0023] Thus, if the feeding and discarding of the oxygen gas are carried out and the oxygen density in the measurement 
gas chamber 7 changes, in connection with it, the oxygen density of a porous electrode 5b front face will also change. 
On the other hand, the oxygen-concentration-cell component 5 generates the electrical potential difference 
corresponding to the oxygen ratio of concentration of a porous electrode 5b front face and a porous electrode 5c front 
face, and the potential difference between two-electrodes 5b and 5c changes with these. The generated voltage between 
porous electrode 5b and 5c is inputted into an electronic control circuit ECU, and it adjusts the duty ratio of the pulse- 
like current energized to a solenoid coil L so that this electrical potential difference may serve as a predetermined 
value. Furthermore, an electronic control circuit ECU detects an internal combustion engine's air-fuel ratio based on the 
duty ratio after adjustment of the pulse-like current, and outputs it to the Air Fuel Ratio Control system which does not 
illustrate a detection result. 

[0024] Drawin g 2 installs the air-fuel ratio sensor 1 in the exhaust pipe of the gasoline engine currently driven by 
theoretical air fuel ratio, and expresses the wave of the rectangle current supplied to the oxygen-pumping component 3 
when a frequency makes the rectangle current energized for the oxygen-pumping component 3 1Hz and a duty ratio 
0.5, and the generated voltage of the oxygen-concentration-cell component 5. In addition, in drawing, the current value 
of rectangular current is drawing the forward direction as +. Moreover, the oxygen-concentration-cell component 5 
generates the electrical potential difference of 450mV to the oxygen density in the exhaust pipe, while the gasoline 
engine is driving by theoretical air fuel ratio. 

[0025] If a rectangle current is set to -300microA and oxygen is supplied to the measurement gas chamber 7, as shown 
in drawing, since the oxygen density in the measurement gas chamber 7 will go up and the difference of the oxygen 
density of a porous electrode 5b front face and a porous electrode 5c front face will decrease, the generated voltage of 
the oxygen-concentration-cell component 5 falls. Then, if a rectangle current is set to +200microA and oxygen is 
discharged from the measurement gas chamber 7, since the oxygen density in the measurement gas chamber 7 will fall 
and the difference of the oxygen density of a porous electrode 5b front face and a porous electrode 5c front face will be 
expanded, the generated voltage of the oxygen-concentration-cell component 5 goes up. And a rectangle current is 
again set to -300microA, the behavior that the generated voltage of the oxygen-concentration-cell component 5 falls is 
repeated periodically, and the generated voltage of the oxygen-concentration-cell component 5 comes to vibrate 
focusing on 450mV. 

[0026] This is because the average of the oxygen density of 0.5, then the measurement gas chamber 7 and the oxygen 
density in an exhaust pipe become equal about the duty ratio of a rectangle current, moreover, a change rate with the 
time of the generated voltage of the oxygen-concentration-cell component 5 falling with the time of going up, since the 
absolute value of the forward direction current is increased 1.5 times of the absolute value of the negative direction 
current in this example — abbreviation — it becomes the same and the curve of abbreviation bilateral symmetry is 
presented. 

[0027] For this reason, even if it makes the frequency of a rectangle current high, if a duty ratio is 0.5, the average of 
the oxygen density in the measurement gas chamber 7 and the oxygen density in an exhaust pipe can be made in 
agreement. If the point which set the frequency of a rectangle current to 40Hz at drawing 3 is removed, the wave of the 
rectangle current altogether measured on the same conditions as drawing 2 and the generated voltage of the oxygen- 
concentration-cell component 5 are shown. In this case, although the generating change of potential of the oxygen- 
concentration-cell component 5 becomes gradual, it vibrates focusing on 450mV as usual. That is, it turns out that the 
average of the oxygen density of the measurement gas chamber 7 and the oxygen density in an exhaust pipe are in 
agreement. 

[0028] Thus, even if it makes high the frequency of the rectangle current energized for the oxygen-pumping component 
3, the duty ratio 0.5 of a rectangle current and 450mV of generated voltages of the oxygen-concentration-cell 
component 5 can be made to correspond to the gasoline engine currently driven by theoretical air fuel ratio in this 
example. 

[0029] For this reason, when [ for example, ] the duty ratio of the rectangle current energized for the oxygen -pumping 
component 3 in order to set the generated voltage of the oxygen-concentration-cell component 5 to 450mV must be 
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made smaller than 0.5, Namely, when the current of the negative direction which supplies oxygen to the measurement 
gas chamber 7 must be energized for a long time than the current of the forward direction When the duty ratio of the 
rectangle current energized for the oxygen-pumping component 3 in order the air- fuel ratio of a gasoline engine is rich 
and to set the generated voltage of the oxygen-concentration-cell component 5 to 450mV conversely must be made 
larger than 0.5, That is, when the current of the forward direction which discharges oxygen from the measurement gas 
chamber 7 must be energized for a long time than the current of the negative direction, it can be judged that the air- fuel 
ratio of a gasoline engine is Lean. Moreover, detection of such an air- fuel ratio can be similarly performed, even if the 
frequency of a rectangle current is high. 

[0030] Furthermore, software can perform processing which computes an air- fuel ratio from the duty ratio of a 
rectangle current using an one-chip microcomputer, and detection precision can be raised while simplifying the 
configuration of detection equipment. Thus, with the air-fuel ratio detection equipment of this example, by detecting an 
internal combustion engine's air- fuel ratio based on the duty ratio of the rectangle current energized for the oxygen- 
pumping component 3, while simplifying the configuration of detection equipment, detection precision can be raised, 
and responsibility can be raised by making the frequency of the rectangle current high further. 

[003 1] In addition, although two kinds of current values with +200micro-[ A and ] 300microA constitute the rectangle 
current energized for the oxygen-pumping component 3 from this example, this current value can be set as a suitable 
value according to the property and the air- fuel ratio which it is going to detect of an air- fuel ratio sensor 
[0032] 

[Effect of the Invention] Detection precision can be raised, while simplifying the configuration of detection equipment 
since the air-fuel ratio is detected by the air-fuel ratio detection approach of this invention based on the duty ratio of the 
rectangle current energized for an oxygen-pumping component as explained in full detail above. 

[0033] Moreover, since the generated voltage of an oxygen-concentration-cell component does not become high even if 
it makes high the frequency of the rectangle current energized for an oxygen-pumping component, the frequency of a 
square wave can be made high and the responsibility of detection can be raised. 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to the air- fuel ratio detection approach of detecting an air-fuel ratio using 
the oxygen sensor which generates the signal corresponding to the oxygen density under exhaust air, in various burning 
appliances, such as an internal combustion engine. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3 in the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is an outline block diagram showing the air- fuel ratio detection equipment of an example. 
[Drawing 2] It is an explanatory view showing the wave of the rectangle current of the low frequency supplied to the 
oxygen-pumping component of an example, and the generated voltage of an oxygen-concentration-cell component. 
[Drawing 3] It is an explanatory view showing the wave of the rectangle current of the high frequency supplied to the 
oxygen-pumping component of an example, and the generated voltage of an oxygen-concentration-cell component. 
[Drawing 4] It is an explanatory view showing the wave of the rectangle current of the low frequency supplied to the 
oxygen-pumping component of the conventional example, and the generated voltage of an oxygen-concentration-cell 
component. 

[Drawin g 5] It is an explanatory view showing the wave of the rectangle current of the high frequency supplied to the 
oxygen-pumping component of the conventional example, and the generated voltage of an oxygen-concentration-cell 
component. 

[Description of Notations] 

1 — Air- fuel ratio sensor 3 — Oxygen-pumping component 5 — Oxygen-concentration-cell component 
7 — Measurement gas chamber 17 — Gaseous diffusion limit section 19 — Relay 
21, 23, 25 — DC power supply 
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DRAWINGS 



[Drawin g 1] 
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